Abstract: HIV infection and antiretroviral therapy (ART) are associated with changes in plasma levels of lipoproteins, thus posing the risk of cardiovascular complications in infected individuals. The alteration in plasma lipoprotein levels results from dysregulation of inflammation-modulating cytokines that control lipid metabolism. Little is understood regarding the relationship between the cytokines and serum lipid levels, which have been reported to be altered in adults receiving ART. The objective of this study was to describe the profiles of inflammation-modulating cytokines and their relationship to lipids as cardiovascular disease (CVD) risk factors in HIV infection. This observational cross-sectional study measured plasma levels of interleukin (IL)-10, tumor necrosis factor-alpha (TNF)-α, IL-4, total cholesterol (TC), and high-density lipoprotein cholesterol (HDL-c) in HIV-infected and uninfected adults. A total of 219 HIV-infected participants were enrolled from an HIV treatment center; of them, 187 were receiving ART and 32 were ART naïve, while 65 were HIV-uninfected blood donors. HIV-infected individuals had higher levels of IL-10 (HIV-infected ART-naïve [P=0.0024] and ART-receiving [P=0.033]) than their uninfected counterparts. ART-naïve subjects had significantly higher plasma levels of IL-10 than ART-receiving subjects (P=0.0014). No significant difference was observed in plasma levels of IL-4 and TNF-α across the three groups. Regarding plasma lipoproteins, HDL-c levels were reduced in HIV ART-naïve (P=0.002) and ART-receiving (P=0.015) subjects compared to HIV-uninfected subjects. Similarly, TC levels were lower in the HIV-infected than in the HIVuninfected group regardless of whether the patients were undergoing ART or not (P,0.001). IL-10 levels correlated with TC levels in the HIV-uninfected group but not in the HIV-infected groups. Levels of HDL-c were reduced, while IL-10 plasma concentrations were elevated in HIV-infected individuals. A correlation observed in HIV-uninfected individuals between antiinflammatory cytokine IL-10 and TC was lost in HIV-infected individuals. Clinical significance of these differences needs to be ascertained with respect to HIV-related CVD risk.
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Introduction
Infection with HIV is increasingly shown to be associated directly or indirectly with systemic inflammation and chronic immune activation which have damaging effects on the cardiovascular system. Some of the direct effects of HIV infection on cardiovascular integrity include microbial translocation 1 and the effect of HIV protein Nef on ATP binding cassette transporter A1 (ABCA1), 2 the mediator of cholesterol transport. 3 Apart from the direct effects of HIV on cardiovascular integrity, some drugs for antiretroviral therapy (ART), mainly reverse transcriptase inhibitors (RTI) and protease inhibitors (PI), have been shown to cause metabolic changes such as dyslipidemia and submit your manuscript | www.dovepress.com
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gori et al insulin resistance. [4] [5] [6] In addition, somatic changes such as lipodystrophy or lipoatrophy also occur. Both the metabolic and somatic changes occurring in HIV-infected individuals have been associated with an increased risk of cardiovascular disease (CVD), especially coronary artery disease and stroke. The multicenter prospective study on Data Collection on Adverse events of Anti-HIV Drugs (D:A:D) reported reduced high-density lipoprotein cholesterol (HDL-c) and ApoA levels in HIV-infected individuals as the major CVD risk factors due to altered lipid metabolism. 7 These changes occur even in asymptomatic individuals with CD4 counts above 400 cells/mm 3 . 8, 9 The mechanism involved in the lipoprotein alteration is still unknown. Efforts to identify the atherogenic profile of metabolic syndrome related to HIV are ongoing and seemingly complex. Current data indicate the involvement of several factors, including direct effects of ART on lipid metabolism, 10 endothelial and adipocyte cell function, 11, 12 and activation of proinflammatory cytokines. [13] [14] [15] Cytokines play a major role in the metabolism of lipids. Accumulating data indicate that metabolism of lipids is under the control of some cytokines that regulate inflammation, but the exact mechanism is not clear. 13, 16, 17 For instance, in lipodystrophy observed in HIV-infected individuals, the lipodystrophic adipose tissue manifests as an altered profile of secreted cytokines with increased tumor necrosis factor (TNF)-α and interleukin (IL)-6 levels. 18 Lipodystrophy is linked as well to PI and RTI therapy in HIV treatment. 13 In addition, insulin resistance is observed at adipocyte level, leading to increased rates of lipolysis and free fatty acids fluxes. 19 The proinflammatory cytokine TNF-α leads to alterations in serum lipid levels by affecting three vital functions, namely the adipose tissue lipoprotein lipase, lipolysis, and the synthesis of hepatic fatty acids. 17, 20, 21 Studies demonstrated that in addition to TNF-α, other cytokines such as IL-1, interferon (IFN)-α, and IL-10 can affect each of the lipid metabolism processes resulting in alterations in the levels of circulating lipids. 21 In particular, IL-1, TNF-α, and IFN-γ have been shown to decrease the activity of lipoprotein lipase. 21, 22 The anti-inflammatory cytokines IL-10 and IL-4 regulate the immune response by their inhibitory properties. Similarly, in lipid metabolism, IL-4 inhibits the stimulation of hepatic lipogenesis induced by proinflammatory cytokines TNF-α, IL-6, and IL-1. 23 IL-4 counteracts the ability of these proinflammatory cytokines by preventing the increase in hepatic citrate levels. 22 On the other hand, IL-10 stimulates the uptake of cholesterol from modified lipoproteins, and the efflux of cholesterol from the cell. Thus, IL-10 facilitates cholesterol uptake from modified lipoproteins and its transformation into foam cells. 24, 25 Essentially, various cytokines that act at different receptors can affect several separate processes, leading to altered lipid metabolism and consequently elevated serum lipid levels. 17, 22 Noteworthy, the adverse effects attributable to disturbances in lipid metabolism with complications affecting the cardiovascular system 26 are more frequent in patients on ART than in HIV-negative individuals. It can be hypothesized that altered proinflammatory and anti-inflammatory cytokine production in HIV-infected individuals receiving ART could highlight the metabolic disorders observed in HIV-infected individuals. Very little has been done to determine whether these disturbances are associated with underlying cytokine profile alteration and treatment despite evidence of lipid alteration in HIV infection. This study was undertaken to explore the relationship of inflammation-modulating cytokine profiles in relation to lipid levels in HIV-infected population. We believe that the origin of CVD in this population is vascular inflammation and dyslipidemia. 
Materials and methods ethics statement
Data collection
This was an analytical cross-sectional study on participants recruited from an HIV care and treatment center in Harare in Zimbabwe. Participants were approached consecutively when they came for their routine visits. An interviewer-administered questionnaire was used to gather the demographic and health information of participants at the time of enrollment into the study. Information with regard to history of stroke, heart disease, hypertension, or experience with tuberculosis (TB) infection after being diagnosed with HIV was collected. Participants' height and weight were measured, and body mass index (BMI) was calculated by dividing body weight (kg) by squared height in meters (m 2 ). Blood pressure (systolic blood pressure [SBP] and diastolic blood pressure [DBP]) was measured by a standard mercury sphygmomanometer. Sixty-seven healthy HIV-negative blood specimens from donors at National Blood Services Zimbabwe made up the control group.
Laboratory tests
Analysis of CD4 lymphocyte counts was performed by flow cytometry. Quantification of HIV was done at the clinic 
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Inflammation-modulating cytokines as CVD risk factors in HIV infection using the COBAS AmpliPrep/COBAS TaqMan HIV-1test, version 2.0 (Hoffman-La Roche Ltd., Basel, Switzerland), as per manufacturer's instructions. The assay had a detection limit of 20 RNA copies/mL.
Plasma cytokines level
TNF-α, IL-10, and IL-4 were measured in plasma by ELISA (R&D System Europe Ltd, Abingdon, UK) according to manufacturer's instructions. All measurements were done in duplicates and values averaged for analysis.
Lipid profile
For measurement of lipids, blood samples were collected from participants into the tubes containing EDTA using venipuncture, and plasma was separated from cells by centrifugation within 12 hours of collection, aliquoted, and stored at 80°C. Plasma total cholesterol (TC) and HDL-c concentrations were determined by Mindray ® chemistry analyzer BS120 (Shenzhen, People's Republic of China).
Statistical analysis
Data analysis was performed using STATA ® V.13 (StataCorp, College Station, TX, USA). Descriptive statistics was used for demographic and clinical characteristics. Continuous variables were described as median and interquartile range (IQR) for non-normally distributed variables. Categorical variables were described by proportions and confidence intervals (CIs). The Mann-Whitney U-test was used to test differences between continuous variables among patients by HIV or ART status, if the variables were not normally distributed. Pearson's chi-square test was used to test for correlations between laboratory markers. Univariate (crude values) and multiple linear regression (adjusted coefficient)
analyses were used to test for association or to identify variables which predict different levels of laboratory markers. The multiple linear regression analysis was used to control for confounding variables such as age, gender, and BMI. A P-value of 0.05 was considered significant.
Results
Of the approached 292 participants, 284 met the study criteria and were enrolled in this study. The majority (85.4%) of the HIV-infected patients were receiving ART, while 14.6% were ART naïve. Most (91%) of the subjects on ART had received therapy for at least one year. The majority (90.9%) were on first-line triple combination therapy comprising tenofovir (TDF), lamivudine (3TC), and nevirapine (NVP), 63.4%; TDF, 3TC, and efavirenz (EFV), 17.2%; and ART combinations with stavudine or zidovudine, 10.2%. The remaining 9.1% had received ART including a PI. Demographic analysis showed that there was no difference in ages across the three groups. The CVD risk factors (SBP, DBP, and BMI) did not differ significantly between the groups. Laboratory parameters such as TC, low-density lipoprotein cholesterol (LDL-c), and HDL-c levels were significantly different across the three groups. Table 1 summarizes the demographics and clinical characteristics of the study subjects stratified by HIV and ART status.
Lower HDL-c levels were observed in HIV-uninfected individuals compared to ART-naïve (P=0.002) and ARTexperienced (P=0.015) individuals. No significant difference in HDL-c levels was observed within the HIV-infected groups (P=0.208). Similarly, TC levels were lower in HIV-uninfected than in HIV-infected subjects, regardless of whether or not they had undergone ART. ART-naïve subjects had lower TC levels than the ART-receiving subjects (P=0.005). There was a significant difference in the TC/HDL-c ratio across the groups. HIV-infected ART-receiving group had the highest TC/HDL-c ratio ( Table 2) . Plasma levels of IL-10 were significantly higher in the HIV-infected ART-naïve (P=0.0024) and ART-receiving (P=0.033) subjects than in their uninfected counterparts. Within the HIV-infected group, ART-naïve had significantly higher plasma levels of IL-10 than ART-receiving group (P=0.0014). No significant difference was observed in plasma levels of IL-4 and TNF-α across the three groups, but levels of IL-4 were lower and those of TNF-α were higher in the HIV-infected groups (Table 2) .
Association between plasma levels of cytokines and lipids 
Discussion
HIV infection is associated with changes in plasma levels of lipoproteins. The process occurs as a result of alteration in lipoprotein metabolism induced by cytokines that mediate the immune response, including TNF-α, IL-1 beta, and the IFN. 17, 20 The inflammation-modulating cytokines, IL-10, IL-4, and TNF-α, are implicated both in the pathogenesis and morbidities of HIV infection, and their alteration may have a bearing in the development of CVDs in HIV infection.
In the present study, IL-10 levels were higher while IL-4 levels were lower in the HIV-infected groups. In individuals with HIV infection, higher levels of IL-10 have 27, 28 Furthermore, the observed higher levels of IL-10 in ART-naïve patients compared with those receiving ART may be due to untreated immunological disease. Previous research documents that the significance of IL-10 in the course of disease lies in its ability to both decrease and increase viral replication under the influence of other cytokines such as proinflammatory TNF-α.
This study observed a correlation between IL-10 and TC in the HIV-negative participants. Interestingly, this correlation was lost in both HIV-infected groups. This finding could suggest a role for IL-10 in the metabolism of some TC components, such as HDL-c and LDL-c, and their accompanying alteration in serum levels in HIV infection. Moraitis et al 29 reported elevated levels of IL-10 as a cause of dyslipidemia and HDL-c deficiency in HIV-infected individuals. Noteworthy, the change in plasma levels of lipoproteins has been reported as a process occurring due to an alteration in lipoprotein metabolism induced by cytokines that mediate the immune response. 17 Thus, the results of our study seem to support this notion. Of note, the relationship between IL-10 and TC in ART-naïve group was different from that observed in HIV-uninfected group. This condition was observed despite both groups having significantly lower rates of reported previous or current experience with TB infection compared to ART-receiving individuals.
Although some studies have reported lower TC levels in HIV/ TB coinfection, 30 studies by Adewole et al, 8 Denue et al, 31 and Malapati et al 32 did not find significant differences in TC levels between HIV patients with TB coinfection and HIV-infected counterparts without the coinfection. Previous studies reported enhanced dyslipidemia in HIV/TB coinfection in the absence of ART, while improved lipid profile was observed in the coinfected individuals receiving NVPbased ART than in those receiving EFV-based ART. 33, 34 The majority of participants in this study were on NVP-based ART; however, it is not clear whether infection with TB had an effect on TC levels, and would need further investigation. Conflicting data about the role of IL-4 have been reported. Similar to findings by Piddubna et al, 27 we found low levels of IL-4 in HIV infection, but other studies reported an increase in its concentration with infection progression. 35, 36 With regard to pro-and anti-inflammatory cytokine relationship, we showed that IL-10 was correlated with TNF-α in all the groups. It is worth noting that viral multiplication appears to be an important factor in deciding the serum concentrations and the correlation between pro-and antiinflammatory cytokines. The HIV ART-naïve subjects had a significantly strong correlation between IL-10 and TNF-α (r=0.6187, P=0.0002), while the ART-experienced subjects had medium correlation (r=0.2650, P,0.0001). The HIVinfected ART-naïve subjects had significantly higher viral load, which is expected of individuals not on antiretroviral drugs that decrease viral multiplication. In this population, ART initiation was based on the immunological profile of CD4 (ie, when CD4 count falls to around 350 cell/mm 3 ); hence, viral multiplication would be expected to be active in the ART-naïve subjects.
Findings from studies performed in the general population with a history of CVD showed that the plasma concentration of TNF-α was reportedly higher and had strong association with reduced levels of HDL-c. 37 We did not find significant differences in the levels of the proinflammatory cytokines between HIV-infected and -uninfected groups. This study also did not find significant correlation between TNF-α and lipid parameters including HDL-c in all the groups. Our findings are consistent with those of a few studies that sought to find relationship of TNF-α with lipodystrophy and failed to find any association. In a related study conducted in children, TNF-α was not associated with lipids. 38 Other studies reported an association between TNF-α and lipids in the patients with lipodystrophy. 39 In Zimbabwean population, the prevalence of lipodystrophy is reportedly low and has been strongly associated with the use of stavudine-containing antiretroviral regimens. 40 In the current study, the use of 38 over 48 weeks, the observed decrease in TNF-α was associated with reduced TC/HDL-c ratio. This reassures that reductions in the TNF-α levels with successful ART are also associated with an improved lipid profile. In agreement with the analysis of data from two large patient cohorts, World Health Organization study monitoring trends and determinants of CVD (WHO-MONICA) and the Antiprotéases Cohorte (APROCO), 41 the present study showed that patients with HIV infection have significantly higher TC/HDL-c ratio than uninfected subjects, suggesting a greater risk for CVD. In other studies, these lipid changes have been found to be statistically associated with changes in TNF-α levels in HIV-infected individuals, 13 a relationship which was not observed in this study.
In keeping with previous studies, 42 TC and HDL-c serum levels were within normal values in all the groups, but HIVinfected subjects had significantly lower HDL-c levels. This supports the notion that HIV infection by itself leads to impaired metabolism of lipoproteins which may in turn lead to CVDs. Calmy et al point to possible molecular mechanisms underlying the proatherosclerotic effect of HIV-RNA in the cascade leading to a cardiovascular event. 43, 44 In the present study, HIV-infected subjects on ART had higher HDL-c levels, implying improved lipid profile after treatment. Some researchers have speculated that the reduced HDL-c levels observed during inflammation may be a consequence of increased catabolism arising from high serum concentrations of amyloid A protein that replaces ApoAl as an apolipoprotein in HDL-c particles. Moreover, the HIV-infected groups had higher IL-10 and reduced HDL-c levels, a finding that agrees with studies on experimental animals which demonstrated that subcutaneous injection of recombinant human IL-10 swiftly decreases HDL-c and LDL levels, and the condition gets reversed once the injection is discontinued. 29 Thus, IL-10 is a potential modulator of lipoprotein levels and acts as an effective biomarker for CVDs.
Limitations and strengths
This study had limitations with regard to the unavailability of CVD events and limited number of traditional CVD risk factors to associate with the assessed cytokines as well as reported experience with TB infection after HIV. These factors may have an impact on the interpretation of our results. Thus, the findings should be interpreted within the context of this study and its limitations. The strengths of the study were its high statistical power and the inclusion of HIV-uninfected group to enable comparison with the infected subjects.
Conclusion
This study observed a loss in relationship between antiinflammatory cytokine IL-10 and TC from uninfected to HIV-infected groups regardless of ART. Based on the lipid profile, it was observed that HIV-infected individuals receiving ART are at an increased risk of developing CVD. Further studies of prospective longitudinal design should be performed to determine the impact of the changes in IL-10 and TC levels on CVD risk in HIV-infected individuals.
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